The time-dependent light scattering signatures for singly and multiply stranded polymers of arbitrary shape undergoing random and endwise degradation are developed. For the case of random scission, useful generalizations at low scattering angle are found for linear polymers of arbitrary conformation and any initial polydispersity, which permit deductions to be made concerning the degree of association of the polymer ͑single, double, triple strand, mixtures, etc.͒, in addition to determination of absolute polydispersity-independent depolymerization rates. For the particular case of random scission of multiply stranded random coils the form factor is shown to be the Debye function whose usual argument is simply translated by a function dependent on the average number of cuts per original strand and on the number of strands and monomers per strand. The contrasting case of end-wise cleavage ͑e.g., ''exocydic'' enzymatic cleavage͒ is also presented.
I. INTRODUCTION
Over the past few years we have found time-dependent total intensity light scattering to be a useful and efficient means of determining kinetic rates and making mechanistic and structural deductions about polymers undergoing random degradation. Degradation of polymers may often be approximated as random when they are subjected to such agents as acids, bases, enzymes, heat, radiation, etc. Information on degradation rates, mechanisms, and associated polymer structure is of fundamental importance in such areas as developing biodegradable materials, extracting and processing biological molecules, testing the durability of new polymers, etc. The mechanisms, chemistry, stabilization and other aspects of polymer degradation have been extensively reported. [1] [2] [3] The problem of random degradation of long chain polymers was treated by Charlesby 4 and Kuhn, 5 and later extended to finite single chains by Montroll and Simha. 6 They obtained the distribution of fragments as a function of the average number of cuts per original polymer, r. Thomas and Doty extended the case of random degradation to double strands in their analysis of the acid hydrolysis of DNA, 7 and Thomas subsequently extended the work to the enzymatic degradation of DNA. 8 The basic theory for angular-dependent light scattering intensity as a function of random degradation of an initially monodisperse population of single stranded coils was presented in Ref. 9 , and extensions to include nonideal effects and polydispersity were given in Ref. 10 . Under assumptions of ideality it was possible, in Ref. 11 , to find a polydispersity-independent degradation rate constant. Reference 12 developed the characteristic time-dependent scattering ''signatures'' for simply branched ͑''comb''͒ polymers undergoing various types of degradation; sidechain stripping, sidechain random degradation, backbone degradation, and combinations of these. For each model experimental data have been obtained, and systems so far successfully studied include the acid, base and enzymatic degradation of hyaluronate and proteoglycan subunits ͑aggrecan͒.
Nonrandom and ''semirandom'' degradation may occur in many different ways. Nonrandom scission can include endwise degradation-the case treated in this work-in addition to other scenarios such as preferential cleavage for polymers in the middle, as often results from ultrasonic and shear cleavage, or cleavage at certain, predetermined sites, as may occur for enzymatic degradation in proteins and other heteropolymers. Semirandom scission includes the case where an initial bond-breaking attack is made at random on a polymer, but then a number of subsequent cuts are made locally; e.g., enzymes, such as certain amylases, can produce this effect. 13, 14 Light scattering treatments of such cases are deferred to future work.
The aim of the current work is to present a very simple formalism for calculating the scission dependent scattering form factor P(q,r), and then develop a compendium of experimentally useful expressions for the light scattering signatures from multiply stranded polymers undergoing random and endwise scission. One of the practical aims of this work is to make the light scattering technique a tool for the determination of degree of association of polymers in solution, especially for polysaccharides of importance in the pharmaceutical, oil recovery, and food industries.
II. GENERAL CONSIDERATIONS

A. The general phase sum for a single, degrading polymer
Consider the monomers on a polymer to be labeled from 1 to the total number of monomers N, where an arbitrary monomer is designated by i. Let E s,i be the peak scattered electric field from monomer i. The absolute time-averaged scattering intensity from the polymer ͑in W/m 2 ͒ is given by
͑1͒
Here, q is the scattering wave vector, whose magnitude is given by qϭ(4n/)sin͑/2͒, where n is the index of refraction of the scattering medium, is the vacuum wave-length of the incident light, and is the observation angle of scattering. In Eq. ͑1͒, r i j is the vector connecting monomers i and j, c is the speed of light, and ⑀ is the permittivity of the scattering medium. E s,i depends on the relative polarizabilities of the monomer and surrounding medium. The double brackets indicate that the argument is averaged over all spatial orientations with respect to q and over all possible conformations of the polymer. This latter averaging is not necessary for rigid polymers. The form factor P(q) is the normalized phase sum above, that is,
.
͑2͒
Normalization in this context means that P͑0͒ϭ1. In the following we will consider E s,i to be identical for all i, and take N large enough that N 2 ӷN, so that the iϭ j terms in Eq. ͑2͒ are negligible, and thus
͑3͒
This can be averaged over all spatial orientations with respect to q for any polymer to yield
where the single bracket now indicates the average over all conformations.
If r average cuts are now introduced into the original polymer in any fashion at all, then the probability that the polymer segment between monomers i and j is still intact can be represented by W(r,i, j). W(r,i, j) is obviously independent of the polymer orientation with respect to q, and it will be assumed that it is also independent of the polymer conformation. It is hence independent of the averaging procedures. Following the procedure of Ref. 9 allows the form factor after r average cuts per original polymer to be written as
This procedure weights the double sum over all monomers by the probability that monomers i and j are still connected after r cuts. If they are no longer connected, the resulting fragments are presumed to diffuse away from each other, leaving no phase correlation between monomers on separate fragments.
The use of r for average number of cuts is somewhat unfortunate, and should not be confused with the intermonomer distance r i j . The usage is maintained for consistency with existing literature.
For linear polymers, r i j is only a function of ͉iϪ j͉, as is the probability W(r,i, j). The phase average ͗exp͑Ϫiq•r i j ͒͘ can be expressed as ⌽(q,x), and W(r,i, j)ϭW (r,x) , where xϭ͉iϪ j͉/N, and the double sum above can be converted into an integral ͑again using Nӷ1͒;
B. The time dependence of r‫؍‬r(t)
The general phase sum P(q,r), and expressions for light scattering to be developed subsequently, are expressed in terms of r, the average number of cuts per original polymer strand. Experimentally, however, data are generally collected vs time, so that it is imperative to know rϭr(t) if the technique is to be of practical value.
We note immediately that for the important special case of enzymatic degradation when the enzyme is saturated by substrate r should be directly proportional to time as long as the enzyme remains saturated. For other situations, however, the following considerations may be important.
For where N is the number of original number of bonds in a polymer ͑in fact the number of bonds is NϪ1, but since Nӷ1 this approximation is valid͒. For early enough times the linear term in the exponential predominates and r(t) is proportional to time;
This linearity can be expected to be a good approximation for r(t)ӶN. This may prove useful for fitting initial periods of degradation data to find the time dependence. Alternatively, full nonlinear fits with Eq. ͑11͒ or other expression for r(t) can be made. For the case where the rate at which cuts are made changes in time in other than the way indicated in Eq. ͑11͒, it will suffice to insert the correct form of r(t) in the above, and subsequent equations to obtain the time-dependent course of scattering. This allows for the possibility of changing the action of the degrading agent during a reaction, without losing generality in the developments based on r, the average number of cuts per initial strand. Such mechanisms might include changing temperature, varying radiant flux of degrading radiation, diluting or concentrating agents, endproduct or other inhibition processes on a degrading enzyme, significant change in enzyme to substrate concentration, etc.
C. The Rayleigh scattering ratio I(q,r) of a population of degrading polymers
Once P(q,r) has been determined, it can be substituted into the well-known Zimm equation for the total scattering I(q,r) ͑expressed as the absolute Rayleigh ratio, which in the CGS system is in cm Ϫ1 ͒. 16 For an initially monodisperse population of polymers of initial mass M 0 ϭmN, where m is the mass of a monomer,
where K is an optical constant given, for vertically polarized light, as
and dn/dc is the differential refractive index. Here c 0 is the initial polymer concentration in g/cm 3 . It does not change during the course of degradation. A 2 is the second virial coefficient ͑cm 3 mole/g 2 ͒. In principle, A 2 is a function of polymer mass, and hence can change in a complicated way in time. In practice, however, if the degradation is performed at low enough concentration, the 2A 2 c 0 term is usually itself of second-order importance, and the relatively small predicted changes in A 2 make this a third-order concern. The effects of a changing A 2 on light scattering by single strand polymers were considered in Ref. 10 . Throughout this work, the approximation of a constant 2A 2 c 0 term will be made.
In the case of a polydisperse initial population of polymers, with initial concentration distribution C 0 (M ) the P(q,r) can be used and Eq. ͑13͒ becomes
If, instead of knowing P(q,r) ͓e.g., from Eq. ͑6͔͒, the evolution of the fragment population f (r,M ), resulting from a particular degradation process of an initially monodisperse population is known, then
Here, f (r,M )dM represents the number of fragments with mass between M and M ϩdM after r cuts.
If there is an initial polydispersity, then a double integral must be performed:
͑17͒
The averaging procedure in Eq. ͑5͒ automatically takes account of increasing fragmentation ͑polydispersity͒ of the original polymer and hence also implicitly contains information on the fragment distribution. In the limit of qϭ0, P(0,r) is proportional to the weight average of the fragment mass distribution f (r,M );
III. RANDOM DEGRADATION PROCESSES
A. W(r,i,j) for random degradation of a multiple strand linear polymer of any shape
Consider a polymer consisting of s associated strands, each with N monomers. The numbering of monomers still runs from i to j with s monomers associated with each index. If random cuts are made on this polymer it will not produce a fragment until cuts on adjacent strands coincide with each other ͑see below for the case when perfect coincidence of cuts is no longer needed for scission͒. It is clear there will be a sort of ''induction period'' during which cuts accumulate on both strands and have a low probability of coinciding to produce a scission event. This type of argument was first put forward by Thomas ͑1956͒, 8 who demonstrated that his experimentally observed induction period for measured viscosity and molecular mass at the outset of degradation of DNA by enzymatic attack was evidence that DNA was a double stranded molecule.
We now must determine W(r,i, j), the probability that after r average cuts have been made per polymer strand, a given polymer has not been cleaved apart between monomers i and j. Consider a collection of Y polymers, each with s strands of N monomers per strand. Let R be the total number of random cuts that have been made in the population of Y polymers. The average number of cuts per strand r is given by rϭR/Y s. ͑19͒
Assume that for scission of the polymer to occur, cuts must coincide on the same numbered monomer on all s strands. W(r,i, j) can then be determined by a difference equation: W(Rϩ1,i, j) is the probability that a given polymer is still intact between i and j after an additional cut is made on the entire polymer population. This probability is equal to the probability that the segment i to j is still intact after R cuts W(R,i, j), multiplied by the probability that the segment on the given polymer remains intact after this one additional cut among the Y polymers. That is
where p s (r,i, j) is the probability that after r average cuts per molecule, one additional average cut will cleave a segment from i to j on any polymer. Dividing p s (r,i, j) by Y in Eq. ͑20͒ gives the probability of i to j being intact on a given polymer after the one additional cut has been made at random among all Y polymers. p s (r,i, j) is equal to the product of the average fraction of monomers on each adjacent strand on the same polymer which have coincident cuts within the segment i to j. This latter is equal to the total average fraction of coincident cuts on adjacent strands (r/N) sϪ1 times the fraction of monomers xϭ͉iϪ j͉/N in the region from i to j. So
Substituting this in Eq. ͑20͒, expanding W(Rϩ1,i, j) to 1st order and using Eq. ͑19͒ leads to
whose solution, using Eq. ͑21͒ for p s (r,i, j) is
where
Physically, w(r) is the average number of scission events per polymer of s strands and N initial bonds, after r random cuts per original strand have been made. It is possible, a priori, that the bonds holding strands together are weak enough that a scission of the polymer will occur even if cuts on the s strands are not immediately opposite each other. Cooperative hydrogen bonds, with energies below kT each, may sometimes fall in this category. An ''association number'' h, can be defined, whereby, for a scission of a polymer to occur, the bonds cut on the s strands must all be within h units of each other. This concept was first discussed in the double strand context by Thomas. 8 In that case, w(r) of Eq. ͑24͒ is simply multiplied by 2hϩ1, which is the number of monomers on the strand adjacent to a given cut for which scission of a double strand will occur if there is one cut among the 2hϩ1 monomers.
For sϭ3 and higher associations, the definition of the association length becomes more difficult to generalize, since the criteria for dissociability will depend on the detailed molecular nature of the bonds holding the strands together; e.g., in some cases at least one cut on each strand must fall within an entire ''association length'' 2hϩ1 of the original cut, whereas in other cases, there may be preferential pairwise bonding which make a strict association length an inapplicable concept. The issue is hence deferred until resolution of eventual experimental data makes further modeling necessary.
B. Fragment distribution f(r,x) for random scission
The fragment distribution function resulting from random degradation was determined in Refs. 4, 6, and 9. Using the notation from Ref. 9 
The number, weight and z averages, respectively, are found from this to be where the argument u is given by
where we have also used the random coil result for the initial mean square radius of gyration
For a single stranded molecule sϭ1, and the case of uϭq 2 ͗S 2 ͘ 0 ϩr is recovered. This relationship was used extensively for investigating single strand polymer degradation in Refs. 9, 11, 12, and 15. The conclusion that the time-dependent scattering for the randomly degrading random coil follows the Debye function with a simple translation of the argument by w(r) implies that the quantity
is independent of q.
D. Rate constants in the q‫0؍‬ limit for random scission of linear polymers can be determined independently of any shape and initial polydispersity in the high w(r) limit
Since not all linear polymers can be considered as coils, especially those which are multistranded and may thus be much stiffer than corresponding single strand polymers, it is useful to look at the qϭ0 limit case of random scission for an arbitrary shape linear polymer; e.g., rigid rod, wormlike chain, high excluded volume coil, etc. At qϭ0 Eq. ͑6͒ gives for random scission
P͑0,r͒ϭD͑w͑r͒͒. ͑37͒
Significantly, rate constants for random scission can be determined completely independently of polymer shape and initial polydispersity in the limit of qϭ0 and for large enough values of w(r), as is now demonstrated. This latter condition simply means waiting for enough random cuts r to be accumulated during the degradation reaction. This means that at very low angles the scattering from any linear polymer undergoing random scission will trace out the Debye function vs w(r). This result was pointed out by Thomas and Doty. 7 In principle, Eq. ͑37͒ also allows for a ''damage index'' to be defined for doubly and higher stranded polymers. Namely, if random cuts already exist on the polymer, due to any type of degradation processes prior to the deliberate degradation experiment, then the average number of pre-existing cuts per polymer r d can be determined, since w(r) will actually be shifted according to w(rϩr d ). If r d ϭ0 then d[kc/ I(0,t)]/dtϭ0 at tϭ0, whereas this same slope is larger than 0 if r d Ͼ0. Figure 1 shows 1/P(q,r) for an originally monodisperse linear polymer of arbitrary form with sϭ3 at qϭ0. The convergence to the cubic dependence on r is shown by also tracing the associated high w(r) limit, which is purely cubic. As shown below, polymers of arbitrary shape approach the r s power law limit for high w(r) at qϭ0, regardless of their initial polydispersity. Since the proportionality between r and t ͓e.g., Eq. ͑12͔͒ may break down for large r, however, distortions downwards from power law behavior of 1/P(q,r) might occur, so attention should be given to this point in an experimental situation; in some instances it might be necessary to introduce the true time dependence of r(t). The advantage of being able to consider a polymer as a random coil is considerable, in that, by using higher scattering observation angles ͑qϾ0͒, the convergence to the power law behavior occurs at lower values of w(r). This is seen in Fig. 1 which shows 1/P(q,r) for an ideal random coil of sϭ3 and Nϭ50 at q 2 
͗S
2 ͘ 0 ϭ3. An additional practical advantage of making measurements at higher angles, is that the scattering data is usually cleaner, and less subject to ''dust,'' aggregates and other spurious scatterers. Also shown in Fig. 1 is 1/P(0,r) for a single stranded coil ͑sϭ1͒. We now consider two types of forms for r(M ); ͑i͒ the most likely case, where the average number of cuts per polymer is proportional to M , and ͑ii͒ r is independent of M .
The case where rϰM
We consider the case where rϰM , that is the probability of a strand getting a cut per unit time is proportional to the mass of the strand. This should be approximately true when the degrading agent is an acid, base, radiation or heat, and also for the enzymatic case when the enzyme substrate concentration is the number of scissile bonds on a polymer, rather than the number of polymers regardless of their mass. Then r can be represented as
where ␤ is the average number of cuts per original dalton ͑or g/mole͒ of polymer mass. If a linear polymer of arbitrary shape is also initially polydisperse, with a starting concentration profile of c 0 (M ), then at qϭ0 a particularly interesting form of I(0,r) will be reached for large values of w(r) ͑in practice, for rϾ3͒.
but since M ϭmN, where m is the mass of a monomer,
In 
which, upon expansion to first order of the bracketed term gives
For many degradation reactions the reaction rate will be constant as long as the number of scissile bonds is large compared to r. Then
where ␤ is the scission rate in terms of number of cuts per second per original dalton ͑or g/mole͒ of polymer mass. This means that if the degradation reaction is monitored near qϭ0, or the results extrapolated to qϭ0, Kc 0 /I(0,t) will trace out a polynomial of the form
The important general principle, then, is that, as long as w(r)Ͼ3 and rӶN, 1/I(0,t) will vary as time to the power of the number of strands s. ͑For enzymes saturated by substrate, the restriction rӶN is no longer necessary.͒ Hence the degree of association s of the polymer can be determined from the order of the polynomial traced out in time, and the polydispersity-independent rate constant can then be found by
r is independent of M
It is conceivable that a random degrading agent might cleave a strand at a rate independent of the number of scissile bonds on the strand. While this is highly unlikely for acids, bases, other chemical agents, heat, radiation and many enzymes, it is nonetheless possible to imagine such an enzyme action. Namely, for an enzyme small compared to the polydisperse substrate polymer, the diffusion controlled encounter rate would be independent of a particular polymer's size. If the enzyme then stayed associated with the polymer, making random cuts on it ͑as supposed to sequential cuts at the point of attack͒, then the rate of cuts per polymer would be independent of polymer mass, since the enzyme would be saturated by substrate as long as there is at least one scissile bond left on the polymer. Then r is independent of M and we have
which gives, for high u
where M i,0 is the ith moment of the initial population, given by
i.e., M 1,0 ϭM w,0 , M 2,0 ϭM z,0 , etc. Importantly, the same power law dependence of 1/I(0,t) with s still applies, under the same restrictions as in Eq. ͑45͒.
For the case where sϭ1
E. Random scission scattering results for polydisperse polymers when u<1: The ''kinetic Guinier regime''
For uϽ1 P(q,r) for random scission of linear polymers of any shape is P͑q,r ͒Ϸ1Ϫu/3ϭ1Ϫq 2 
͗S
2 ͘/3Ϫw͑r͒/3. ͑51͒
The case where r‫␤؍‬M
Again using the condition that the probability of cutting a strand is proportional to the strand mass (rϭ␤M ) and evaluating the integral in the denominator of Eq. ͑15͒ yields
expanding Kc 0 /I(q,r) to first order then yields
The two limiting cases just considered suggest a method for determining the polydispersity indices M z /M w and M w /M n : M n is determined in the high u regime ͓Eq. ͑43͔͒, then substituted in Eq. ͑53͒. M w,0 is already known from extrapolation to qϭ0 at the outset of the experiment, so that M z,0 is then found by fitting the data to this form with those parameters. This methods differs from that proposed by Benoit ͑1956͒, 17 in that, in Benoit's article, the value of q 2 ͗S 2 ͘ must be Ͼ3, whereas in this kinetic method, any initial value of q 2 ͗S 2 ͘ is valid, since one merely waits for enough degradation to occur that uϭq 2 ͗S 2 ͘ϩw(r)Ͼ3.
r is independent of M
Using the case that the average number of cuts r per original polymer is independent of the polymer's mass leads to the following expression;
͑54͒
For sϭ1, sϭ2, and sϭ3, the integral on the right-hand side is equal to c 0 M w,0 , c 0 , and c 0 /M n,0 , respectively.
F. ''Association polydispersity'': Mixtures of singly, doubly, and more highly associated strands undergoing random scission
It is possible that a particular polymer population may consist of a mixture of single, double, triple, and more strands. This corresponds to an ''association polydispersity,'' where f i is the number fraction of polymer with s i strands, subject to the normalization condition
where s max is the maximum number of associated strands. Then, working at concentrations low enough to ignore the 2A 2 c 0 term in Eq. ͑13͒, allows the total intensity for an ''association polydisperse'' population of polymers to be written as
where P i (q,r(M )) can have any of the previously discussed forms ͑r independent of M , etc.͒.
For an initial population of polymers which are both polydisperse in association and in mass, I(q,r) is given by
where C i,0 (M ) is the initial concentration profile of polymers with i strands, obeying
where c 0 is given by
and represents the total concentration of polymer in solution. Again, at qϭ0, D(w(r)) can be substituted in for P i (q,r(M )) in Eq. ͑57͒ above, allowing the limiting high and low argument cases discussed in preceding sections to be used. Figure 2 shows the case of random degradation of a mixture of monodisperse single and triple strands, where each of the initial triple strands has three times the mass of an initial single strand. In the figure, the initial number of monomers per strand is Nϭ50, and f (s 1 )ϭ0.9 and f (s 3 )ϭ0.1. In contrast to the other time-dependent signatures treated in the preceding sections, Fig. 2 shows initial downwards concavity, an inflection point and then upwards concavity, giving it a distinctive ''signature.''
IV. THE CASE OF ENDWISE (EXOCYDIC) CLEAVAGE FOR A POLYMER OF ANY SHAPE
A common type of polymer degradation which is nonrandom is that of exocydic enzymatic cleavage, in which an exocydic enzyme degrades a polymer by removing end units. Since the concentration of free ends is the substrate concentration, and this does not vary in time, r increases linearly with time, and the length of the polymer decreases linearly. In this case W(r,i, j) can be written down as W͑r,i, j ͒ϭ1 for ͉iϪ j͉Ͻ͑NϪr ͒Ͼ0 ϭ0 for ͉iϪ j͉у͑NϪr ͒Ͼ0. ͑60͒
Substituting this into Eq. ͑6͒, changing the upper summation limit to NϪr, then performing the associated integral yields,
where P(q,NϪr) is the form factor appropriate to a polymer of NϪr units. The light scattering dependence is
It is instructive to point out that in this nonrandom case M remains essentially monodisperse as r increases, and is given by M (r)ϭM 0 (1Ϫr/N), and the concentration of M (r) decreases according to c(r)ϭc 0 (1Ϫr/N). The end units which are cleaved off are assumed to not contribute significantly to the scattering compared to the remaining polymer, and so Eq. ͑64͒ is immediately recovered by using
At qϭ0, for an initially polydisperse population c 0 (M ), performing the integral of Eq. ͑15͒ yields
M w is normally determined before the degradation reaction begins, so that fitting the above equation for rϭrt with two parameters would yield r and M n. A curve of 1/P(0,r) vs r/N for this case is shown in Fig.  3 . The sharp rise toward infinity at a given value of r is characteristic of this, and gives a very different qualitative aspect to the time-dependent behavior from the previous cases.
Because the degradation is endwise, the degree of association of the polymer may well affect the absolute degradation rate constant, but should not change the shape of the time dependent Kc/I(q,t) curve, as it does for polymers of different degrees of association undergoing random scission.
V. DISCUSSION
The time-dependent light scattering behavior has been derived for simple and multiply stranded linear polymers undergoing random and end-wise degradation. Distinct ''signatures'' result from each mechanism, from which, in principle, a variety of kinetic data, polymer structural information and mechanistic details can be obtained. No arbitrary adjustable parameters are needed to fit or interpret the data.
In the case of ideal random coils, the full angular and time dependence can be found exactly, and measurements can be performed at any given angle. Performing such a measurement at qϾ0 allows the asymptotic regime where 1/I(0,r) varies as r s to be reached after a fewer number of cuts r than at qϭ0. A further practical consequence of this is the fact that at high scattering angles there is usually much less problem from scattering by ''dust,'' aggregates and other impurities in the solution. The fact that P(q,r) for the random scission case is just the Debye function whose argument in q is simply translated by w(r) is an interesting result, which arises from the random nature of both the coil ''structure'' and the nature of the attacks.
Recent Monte Carlo simulations 18 suggest that the curvature of 1/P(q) for nonideal coils ͑i.e., those with excluded volume͒ is much less than previously thought, and so the approximation of an ideal coil may actually hold well for a large class of polymers, allowing the simplicity of the conclusions of Sec. II C to be exploited.
For arbitrary shaped linear polymers, the qϭ0 limit offers useful generalizations, in that the Debye function D(w(r)) becomes applicable for all cases, so that association information and polydispersity-independent rate constants can be found. For light scattering systems equipped with multiangle detectors ͑e.g., the Wyatt Technology Dawn-F͒, a single low angle detector ͑e.g., the Chromatix CMX 100͒, or a detector on a movable goniometer stage ͑Brookhaven Instruments͒, measurements can normally be made near the qϭ0 limit, or at least extrapolated to qϭ0. It should be pointed out, however, that the scattering measurements do not require very sophisticated instrumentation. In its most basic form, a simple monochromatic light source and an inexpensive photodetector with simple collection optics, and an analog to digital converter in a microcomputer ͑or even strip chart recorder͒ to capture the detector signal constitute a sufficient system for applying the technique. It is also possible to measure the scattering from degradation reactions using a spectrofluorimeter, for which detection is usually fixed at ϭ90°.
The technique can certainly be usefully complemented by other methods such as traditional chemical assays for broken bonds, SEC, circular dichroism, etc., although many features of the method ''stand alone.'' Viscosity, for example, is simple to follow in time, is less sensitive to aggregates and other optical impurities, and can be performed at higher concentrations. The relationship between viscosity and polymer mass distributions when excluded volume effects are involved, however, especially for water soluble polymers and polyelectrolytes, is a complex and unresolved area of polymer hydrodynamics, so that qualitative drops in viscosity cannot be quantitatively related to absolute depolymerization rates and polymer structure, in the way that the light scattering data can.
Part of our current program is to both verify these results using model enzymatic/substrate systems and to apply them to structural determinations of newly identified and useful polysaccharides and other materials.
VI. SUMMARY
In addition to providing information on absolute degradation rates for molecules undergoing random scission, the ''signatures'' of the time-dependent curve of Kc/I(q,t) contains significant information on the degree of association of the polymer and on the mechanism of degradation. This article contains a compendium of equations for interpreting time-dependent light scattering signatures for simple and multiply stranded linear polymers under various general and limiting cases of random and endwise scission.
Although the signature of each mechanism is mathematically distinct, a particularly challenging problem will be to develop criteria for distinguishing between forms for real experimental data when noise is present. Ultimately, the technique may often need to be used in conjunction with a separate technique to uniquely define the properties and architecture of the original polymer.
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